Nitrogen fertilizer represents major economic burden. For this reason, although the efficiency of nitrogen utilization varies highly, its actual use generally remains at low levels; these averaging between 25 and 50%. We set up an experiment at the Oradea Research Station, using 15 N labeled fertilizers, in order to investigate the possibility of increasing N fertilizer efficiency in winter wheat under irrigation conditions. Fertilizers labeled with 15 N allows us to individually determine its effect on yield formation, as well as the use efficiency of N from fertilizer following application rate and time. The amount of N derived from fertilizer as determined in straw and grain yield is high. When the labeled fertilizer is applied at tillering time, the values of this indicator rise when higher N levels we applied.
INTRODUCTION
In Romania, there is a vast network of research stations under the coordination of the Research Institute for Cereals and Industrial Crops. Long-term stationary field experiment have been set up study the effect of chemical and organic fertilizers on yields of main crops and their quality, with one eye on soil fertility evolution over the long-terms.
The study of issues related using these fertilizers as rationally as possible may be successfully carried out in field experiments, especially by using stable and radioactive isotopes (Lazányi, 1997 (Lazányi, , 1998 Lazányi and Vágvölgyi, 1999) .
The results obtained during continuous experimentation revealed that fact that N use efficiency in the fertilizers containing this element used on wheat crops, varied between 48 and 90%, on Fundulea chernozem (Hera, 1971) , between 50 and 87% on the luvical brown soil around Oradea, and between 26 and 50% on the luvic soil in the area aroun Beius.
In order to obtain practical information, to raise the use efficiency of the active substance in phosphorus and N fertilizers used on wheat crops, an important research program based on stable and radioactive isotopes has been initiated, coordinated by the Mixed Division FAO/IEA. Fundulea and other stations belonging to this institute also joined the program. In resorting to isotope research, the scientists focused on the influence of the methods and the application time of such N fertilizers as ammonium sulphate and urea on wheat yield and quality (Hera et al., 1984a; Hera et al., 1984b; Ciobanu et al., 1995) .
In order to investigate the possibility of increasing N fertilizer efficiency in winter wheat under irrigation conditions, an experiment was set up on the experimental field of the Agricultural Research Station of Oradea, Romania.
In the present study, by using the 15 N stable isotope to label the fertilizers, we examined the influence of the previous plant and the application times of the fertilizers on the use efficiency of the active substance, under irrigation conditions, on the brown soil around Oradea.
MATERIALS AND METHODS
This experiment was organized within a program financed by the International Atomic Energy Agency in Vienna, focusing on the differentiation of N use efficiency, depending on pedoclimatic conditions and the application time and rate of fertilizers.
The experiment was held under irrigation conditions, on a medium brown soil, supplied with the main nutritive elements, using the 15 N atom stable isotope as a labeled element. Urea with an excess of 15 N was used as a standard fertilizer. The fertilizers doses used were ( Table 1) : • N 0 unfertilized variant; • N 0.5 N 60 (N rate equivalent to 50% of the optimum rate); • N 1.0 N 120 (the must propitious N dose 100% of the optimum rate); • N 1.5 N 180 (150% of the optimum rate).
When the previous plant was pea, the N doses were N 40 ; N 80 ; N 120 . All the tested variants were uniformly fertilized with 120 kg of P 2 O 5 /ha and 80 kg of K 2 O/ha, at sowing time. The N fertilizers were applied in 2 phases: 1/3 of the total dose at sowing time (x 1 ) and 2/3 of the dose in springtime at tillering (x 2 ). An irrigating system was used to maintain a humidity in the soil proper to 75% of the field capacity on a 0-50 cm soil layer. The evolution of the soil humidity was established by performance every 7 to 10 days, to 120 cm depth. Soil moisture was determined with a neutron probe, via access tubes on each plot.
The previous plants used over the three experimental years were corn for its grains (in 1995), pea (in 1996) and sunflower (in 1997) .
The same amount of water was applied to all the plots, being calculated according to the necessities of the fertilized variants at the must propitious N rate (120 kg/ha).
The soil and plant tests regarding the content of the nitrogen labeled 15 N were performed in the laboratory of the International Agency for Atomic Energy in Vienna.
The following determinations and calculations appropriate to 15 
RESULTS
The total amount of N exported through the wheat yield: The grain and straw yields produced over the three experimental years in wheat crop under irrigation conditions were mainly influenced, by the applied fertilizer rates and partially by the previous plant (due to the differences between the fertilizer rates).
During the agricultural year 1995-1996, when the previous plant was pea, smaller rates were used, the maximum being of 120 kg N/ha and the weather conditions did not allow the wheat crop to grow; there was a slightly inferior yield, as opposed to when corn was used as the previous plant. But increases up to 4.5 q/ha grains and 7.0 q/ha straw were recorded, as compared to 1996-1997, when sunflower was the previous plant.
Over the three experimental years, yield levels were directly linked to the amount of N dose used, both in grains and in wheat straw.
The maximum yield benefits calculated for 1 kg s.a., with grains as well as with straws, were achieved, regardless of the previous plant, by applying a fertilizer rate of 60 kg/ha after corn, and 40 kg/ha after pea ( Table 2) . The yield differences between the minimum and the most propitious doses are constant enough (aprox. 11.0 q/ha grains and 11.2 q/ha straws, when the previous plant is corn and the sunflower and 7.4 q/ha grains and 11.4 q/ha straws when the previous plant is pea). When doses are increased from the most propitious level to the maximum one, the greatest yield benefit in grains, 8.1 q/ha, can be obtained when the previous plant is sunflower, implying in this case the idea of increasing the maximum N rate above this level under irrigation conditions. The N content (N%) of the grain and straw yield is strongly differentiated according to the previous plant and application rate ( Table 2) . Thus, that the N% in the wheat grains is ranges between 1.75% and 2.27% after corn and between 2.17 and 2.51% after the pea and 2.13% after the sunflower. The greatest differences concerning N% content of the wheat grains, according to the previous plant, either occur among the unfertilized variants or, with the fertilized ones, with a minimum 2 rate.
As far as N% content of the straws is concerned, this indicator increased from 0.46% to 0.72%, according to N application rates when the previous plant was corn. When the previous plant was pea or sunflower, the values of the N content in straws were much lower than when the previous plant was corn. They are uniform in all fertilizing variants.
The total N amount (kg/ha) in the soil and fertilizer absorbed by the plant and calculated according to the obtained yields and to their N content, reveals great differences according to the previous plant and the N dose application rate.
The total N uptake through the grain and straw yield ranges between 88.5 and 211.9 kg/ha after corn, between 93.2 and 193.9 kg/ha after pea, and between 62.0 and 158.9 kg/ha after sunflower ( Table 2) . The large amount of total N exported through the wheat crop is larger when the previous plant was pea then when the wheat was cultivated after sunflower. The N amount uptake by plants from the fertilizer: According to the analyses concerning the 15 N content in grains and straws, the amount of N from the fertilizers and contained in the yield was calculated using yields obtained every year. Analyzing the data presented in Table 3 , note the great differences regarding the N amount derived from the fertilizers. These differences may occur by yield and previous plant. Thus, in 1995, when the previous plant was the corn, this index ranges between 12.0 and 57.6 kg N/ha in grains and between 2.8 and 14.9 kg N/ha straws, the total values varying between 14.8 and 72.5 kg N/ha.
In 1996, when the previous plant was pea, the N amount derived from fertilizers and contained in grains ranges between 10.0 and 36.7 kg N/ha. That contained in straws ranges between 1.3 and 6.1 kg N/ha, and the whole plant contain an amount of N ranging between 11.3 and 42.8 kg N/ha.
In 1997, when the previous plant was sunflower, the wheat yield containing the largest N amount derived from fertilizers, namely: between 30.8 and 92.7 kg N/ha in grains and between 4.8 and 15.9 kg N/ha in straws. The whole plant containing an amount of N derived from the applied fertilizers between 20.56 and 74.63 kg N/ha. The differences between these values could be due to the previous plant and to the fertilizer application rate. Analyzing the current data, we observe that over the three experimental years, when the fertilizers were applied in spring at plant tillering, the N amount derived from fertilizers and contained in the wheat yield is much higher than in the autumn application. Thus, in 1995, in the autumn application (Table 4) , the N amount derived from the fertilizers in the wheat grains ranges between 2.7 and 13.7 kg N/ha, and in straws between 0.8 and 4.7 kg N/ha, according to the fertilizer application rate. In the spring application, these values ranges between 9.3 and 43.9 kg N/ha in grains and 2.0 and 10.2 kg N/ha in straws.
The same aspect is recorded during the other two experimental years (Table 4 ). In 1996, the total amount of N contained in plants ranged between 3.3 and 15.8 kg N/ha when the N fertilizers were applied in autumn and between 8.0 and 27.0 kg N/ha when they were applied in spring. In 1997, the total amount of N contained in plants ranged between 8.7 and 21.4 kg N/ha in the autumn application and between 26.9 and 87.2 kg N/ha in the spring application.
That the smallest N amount in plants derived from fertilizers are recorded in 1996 when the previous plant was pea and the largest in 1997 when the previous plant was sunflower. The N use efficiency in fertilizers: N efficiency in fertilizers was calculated taking into consideration the analytic and yield data, previously shown the according to the application rate and time. Analyzing the data, it can be concluded that the values of this indicator depend on the previous plant, on the application time of the N fertilizer, as well as on the fertilizer application rate.
In 1995, when the previous plant was corn (Table  5) , the N use efficiency ranged between 17.5% and 30.6% when the fertilizers were applied in autumn and between 28.2 and 45.1 in the spring application. This year the values of the use efficiency calculated for both application times ranged between 24.6 and 40.3%.
In 1996, when the previous plant was pea (Table 5) , the N use efficiency in fertilizers ranged between 22.3 and 39.8% in autumn application and between 29.6 and 33.8 in spring application. The total recorded values ranged between 28.2 and 35.6%.
In 1997, when the previous plant was sunflower (Table 5) , the N use efficiency in fertilizers ranged between 35.6 and 43.5% in autumn application and between 67.2 and 72.7% in spring application. The total recorded values ranged between 59.3 and 60.3%. In general (as a whole), it can be noticed, that under irrigated conditions the N use efficiency values, both in grains and in straws increase along with the fertilizer dose used, excepting 1997, when the previous plant was sunflower, and the values of this indicator were lower in large fertilizer doses.
CONCLUSION
The use of 15 N isotope in agricultural research enables precise insight into the influence of certain technological elements on the N use efficiency in fertilizers.
Under brown soil conditions, the irrigated wheat crop takes different values of the N in fertilizers, according to the previous plant, to the application time of the fertilizers and to the application rate.
The total N export through the grains and straws yield to the irrigated wheat ranges between 88.5 and 211.9 kg N/ha when the previous plant is corn, and between 93.2 and 193.9 kg N/ha when the previous plant is pea and between 62.0 and 158.9 kg N/ha when the previous plant is sunflower ( Table 2) .
The N amount in plants at harvest derived from fertilizers is larger in spring application, at tillering. The N amount, in plants, derived from fertilizer range between 20.6 and 74.6 kg N/ha, the differences between values being registered according to the fertilizer application rate, to the application time and to the previous plant. N use efficiency in fertilizers range between 17.5% and 43.5% in autumn application, at sowing time and between 28.0% and 72.6% in spring application, at tillering.
On the brown soil, under irrigated conditions, by fractionate fertilizers application-1/3 in autumn and 2/3 in spring at tillering-N use efficiency in fertilizers ranges between 24.7% and 60.3%, the differences between values being registered according to the application rate and to the previous plant.
